ABSTRACT
INTRODUCTION
ural unemployment rates persistently have run higher than the national average for many years. In addition, multiple studies have established that rural underemployment also remains a long-running problem. Examples of earlier research documenting the rural underemployment and unemployment problem include work by Ham (1982) and Lichter and Costanzo (1987) . Since 1990, a growing literature has examined rural labor market outcomes. Studies by Isserman and Rephamm (1993) , Hamrick (1997) , and Jensen, Findis, and Wang (1999), among others, have identified several contributing factors to higher rural unemployment and underemployment. These factors include the declining importance of manufacturing and natural resource sectors, lagging educational attainment in rural areas, lower levels of public services support than in urban areas, and geographic isolation.
State government programs to reduce rural unemployment and underemployment reflect the above determinates of poor labor market outcomes. State economic development programs aimed at attracting or retaining employers in the state's rural counties are addressing the job demand side of rural labor markets. State support for education and skill training in rural areas is intended to increase the supply of higher skilled workers in these regions, thereby improving the quality of the labor supply in rural markets and hopefully stimulating greater demand for rural labor services. Lastly, there is a collection of government programs such as child care assistance, disability assistance, and transportation services that can be thought of as helping to eliminate barriers preventing potential workers from joining the labor force in rural areas.
Unfortunately, it is not yet fully understood how the various factors contributing to rural unemployment and underemployment interact to adversely affect rural labor markets. This lack of understanding regarding the most important determinates of rural unemployment and underemployment, and their interactive effects, complicates the targeting of scarce public tax dollars on programs most likely to improve rural labor markets.
This study modifies the Price and Wial (2005) estimates to focus solely upon the underemployment rates. A model is developed similar to that of Bollinger, Coomes, and Berger (2003) which is used to explain variations across Pennsylvania counties in their estimated underemployment rates by variations in county-level age distributions, educational attainment, and urban/rural status.
METHODOLOGY AND DATA
A linear regression model is used to estimate each Pennsylvania county's number of underemployed workers and analyze recent trends. This is calculated using the estimated impact of each of the variables on underemployment from the regression model and the data on the percentage of adult population in the county belonging to each socio-demographic category along with county labor market outcome data. This model allows one to estimate changes in county underemployment rates associated with changes in the reported unemployment rates thereby providing a reasonably straightforward way to more comprehensively track changes in county labor market conditions. *denotes the value for Pennsylvania is more than one standard-deviation above the cohort average **denotes the value for Pennsylvania is more than one standard-deviation below the cohort average Based on the Price and Wail geographic classifications, how does rural Pennsylvania compare with other rural areas within the Appalachian states? Rural unemployment and underemployment are essentially the same for rural Appalachian Pennsylvania as they are for the rest of rural Appalachia. The unemployment rate averages 6.2 percent for both the entire cohort rural Appalachia as well as for rural Pennsylvania, while the underemployment rate is 3.4 percent and 3.5 percent respectively. When comparing the non-Appalachian rural counties, Pennsylvania has a higher underemployment rate (5.3 percent vs. 4.2 percent) but a lower unemployment rate (4.2 percent vs. 5.9 percent) compared to the entire non-Appalachian rural cohort. Table 1 also summarizes several key demographic variables: age and educational attainment. Age distribution of the population is measured as the fraction ages 15-19, 20-34, 35-54, 55 and higher. It is clear that rural Pennsylvania lags the rest of rural Appalachia in the share of its populace in the 20-34 age cohort while exceeding the rest of rural Appalachia in the 55 and higher cohort.
Educational attainment of the population is measured as the fraction with less than a high school diploma, high school graduates, some college, college degree, and postgraduate education. Rural Pennsylvania has a notably lower fraction of populace without a high school diploma than the rural Appalachian average. Rural Pennsylvania also has a slightly higher fraction of the population with a college degree.
REGRESSION ANALYSIS
To what extent are the differences in underemployment across the regions defined by Price and Wail due to variations in the age and educational attainment of the populations? The importance of these two forces for explaining variations in the underemployment rate is estimated through the use of a statistical regression analysis over the years 1996 to 2004 (the range of data available from Price and Wail). The regression analysis assesses the role of differences across the four substate regions within each Appalachian state in their share of adult population in different educational attainment and age categories in explaining differences across their underemployment rates. The unemployment rate is also included to account for fluctuations in labor demand. It would be expected that higher unemployment rates would be associated with higher rates of underemployment due to weaker labor demand. A summary of the regression analysis is found in Table 2 . A separate ordinary least squares linear regression was estimated for each region.
The estimates measure the marginal effect of a one percentage point change in the education and age variables upon the underemployment rate. Parameter estimates are noted for their statistical significance in the table by the appropriate asterisk, denoting the variable's explanatory impact on the underemployment rate. For example, a one percentage point rise in the share of population ages 15 to 19 in a rural Appalachian region is associated with a 1.327 percentage point rise in the region's underemployment rate (say from 3.0 percent to 4.327 percent).
The unemployment rate has no explanatory power in the areas designated Appalachian, whereas it is positive and statistically significant for both rural and urban areas of non-Appalachian regions. An increase of 1.0 percentage point in the unemployment rate raises the underemployment rate by 0.192 percentage point in rural areas and 0.322 percentage point in urban non-Appalachian areas.
More prominently, explanatory power is found in the educational attainment variables. Relative to the reference group (those in the work force with just a high school diploma) the higher the fraction of the rural workforce that have less than a high school diploma the lower the underemployment rate, but the effect is small: a 1.0 percentage point rise in the fraction of population not completing high school is associated with a decline of only 0.06 percentage points in the underemployment rate for rural Appalachian regions. (There is no measurably significant impact of this variable on urban workers' underemployment rates.) Perhaps because they may have fewer employable skills these workers are less likely to consider themselves as underemployed. Also, to the extent that the cost of living is lower in rural areas (Kurre 2000) , they have the ability to generate sufficient incomes to not regard themselves as underemployed. 2 Omitted group is highest level of educational attainment being a high school diploma *Estimate is statistically significant at the 10 percent level, **5 percent level, *** 1 percent level.
The higher the fraction of workers with some college is also associated with lower underemployment rates for those in Appalachian areas, both rural and urban (no measurably significant impact in non-Appalachian areas). There is some indication of an underemployment problem in rural Appalachia for highly educated individuals as seen in the estimated impact upon underemployment from a rise in the fraction of population with some postgraduate education. For rural Appalachia, a one percentage point rise in the fraction of populace with some postgraduate education is associated with a 1.411 percentage point rise in the underemployment rate.
ESTIMATES OF UNDEREMPLOYMENT RATES AT THE COUNTY LEVEL
Using the estimated impact of the unemployment rate, education, and age variables upon underemployment rates from the regression analysis reported in Table 2 , county-specific underemployment rate estimates are computed for Pennsylvania for 1996 to 2004 and are listed in Table 3 . The reported underemployment percentages are expressed as a fraction of the county's labor force.
When interpreting the results found in Table 3 , it is important to remember that these estimates are based on the general relationship between the underemployment rate and the explanatory variables (unemployment, education, and age). It is possible for any one county to deviate from this general relationship. For example, it is doubtful that Montour County has the highest underemployment rate of any county in the state. This result likely is due to a relatively high concentration of adults with postgraduate education in the county due to Geisinger Medical Center. It is unlikely these health care professionals are underemployed. 
CONCLUSION
This paper estimates the impact of age distribution and educational attainment and their effects on underemployment in Appalachian regions of the United States. County-specific underemployment rates for each Pennsylvania county were computed based upon statistical regression-based estimates of the linkages between underemployment rates and both the educational and age distribution profiles of a county. The results indicate that underemployment rises as the share of the workforce that is less than 20 years of age rises and as the share that is over 55 years of age rises. Rural underemployment rates also rise as the share of populace with some schooling beyond bachelors degree rises. For 2004, rural county underemployment rates varied from 2.7 percent to more than 10.0 percent with the counties most likely to be suffering from substantial underemployment including Sullivan, Forest, Union, Mifflin, Indiana, Cameron, Clarion, Bradford, Snyder, Columbia, and Clinton with estimated underemployment rates in excess of 6.0 percent. While this paper's empirical emphasis is on Pennsylvania, the techniques and data developed is of interest to researchers investigating the rural underemployment problem elsewhere in Appalachia and the rest of the country.
ACKNOWLEDGEMENT
This project was made possible, in part, by a grant from the Center for Rural Pennsylvania, a legislative agency of the Pennsylvania General Assembly.
AUTHOR INFORMATION
Jack Julian is an assistant professor in the Department of Economics at Indiana University of Pennsylvania. He holds a Ph.D. in economics from the University of Cincinnati. He regularly teaches courses in international trade and international finance, as well as principles of micro-and macroeconomics. In addition, his research interests lie in the regional economics of Pennsylvania and in economic education. He as previously served in positions with Centers for Economic Education in Akron, Ohio, and Lincoln, Nebraska.
David Yerger is an associate professor in the Department of Economics at Indiana University of Pennsylvania. He holds a Ph.D. in economics from the Pennsylvania State University. His teaching areas are in macroeconomics and environmental economics. His research areas are in international economics and regional studies in Pennsylvania. He has done policy studies of import competition for the Canadian government. He is a past president of the Pennsylvania Economic Association. He is former editor of the Pennsylvania Economic Review. He continues to serve as a referee for several journals and as a grant reviewer for the Center for Rural Pennsylvania. 
